The local distribution of Prasiola crispa is reported for the first time in Nova Scotia. It was common on emergent basalt outcrops in a coastal wetland on the Bay of Fundy shores of Brier Island. The alga was present on 19 of 102 basalt outcrops in one of the breeding colonies of the Herring Gull, Larus argentatus, and was only associated with basalt outcrops with gull feces. Patches of P. crispa were typically associated with the north facing slopes of the rock or were present in depressions or parts of the rock shaded by adjacent vegetation. At Western Light, the gulls are both facilitating the presence of P. crispa and acting as ecosystem engineers by nesting in the adjoining vegetation where their trampling and nutrient inputs are modifying the surrounding wetland ecosystem.
INTRODUCTION
The genus Prasiola comprises 35 specific and infraspecific taxa occurring in marine, freshwater and terrestrial communities (Guiry and Guiry 2016) . The genus is cosmopolitan, occurring on all continents and from arctic to tropical habitats (Rindi 2007) . Most species consist of monostromatic blades typically less than 1 cm, although some species may be 10 cm or longer, and some developmental forms may be uniseriate or ribbon-like.
Prasiola crispa (Lightfoot) Kützing is a Holarctic species and associated with arctic to temperate maritime conditions in both the Northern and Southern Hemispheres. The species is well known and extensively collected from Greenland and many coastal regions of western Europe through to the White Sea (e.g., Rindi 2007, Garbary and Tarakhoskaya 2013) . However, the species has been poorly documented in eastern North America with Canadian historical records limited to Newfoundland and Quebec (Collins 1909 , South 1973 , Gauthier et al. 1980 , and there is little information on its ecology. Recently Mathieson and Dawes (2017) included Nova Scotia as part of the distribution, without providing specific locales.
Prasiola crispa can be easily confused with the more marine species, P. stipitata Suhr ex Jessen, which is common along the Atlantic and Bay of Fundy shores of Nova Scotia and throughout much of northeastern North America (Taylor 1957 , Sears 1998 , Mathieson and Dawes 2017 . Prasiola stipitata is common in the splash zone of exposed rocky shores where gulls deposit their droppings. On Digby Neck and associated islands (including Brier Island) and around the Bay of Fundy, the species is common (Edelstein et al. 1969 , Wilson 1979 , South et al. 1988 , Kang et al. 2013 , and in winter and spring may cover many square meters (Kang et al. 2013) . During summer the populations are much smaller. One extensive population of P. stipitata was found near North Light on Brier Island in mid-August in the splash zone associated with bird droppings, crab remains, and the lichen Xanthoria sp. (Garbary, unpublished observations). There are other terrestrial species of Prasiola such as. P. calophylla (Carmichael ex Greville) Kützing, and P. furfuracea (Mertens ex Hornemann) Kützing, that occur in terrestrial coastal habitats around the North Atlantic and Arctic Oceans (e.g., Rindi 2007, Garbary and Tarakhovskaya 2013) ,
In the present paper, we report results of a survey on Brier Island for the occurrence of Prasiola crispa, a boreal/arctic species of this algal genus, where cold water upwelling of the Bay of Fundy creates boreal conditions (Brown and Gaskin 1988) . Prasiola crispa was discovered in 2016 on basalt outcrops of the island in a nesting colony of the Herring Gull, Larus argentatus (Pontopiddan 1763).
MATERIALS AND METHODS

Study Area
Brier Island, Nova Scotia (44°15'N 66°22'W, Fig 1) , has a boreal climate and vegetation largely comprised of scrub forest of Picea mariana (Mill) BSP (Black Spruce), with extensive wetlands of bogs and fens through to coastal heaths. The island is home to the rare flowering plant, Geum peckii Pursh (Paterson & Snyder 1999 , Blaney 2010 , Garbary and Hill 2014 . The principal population of G. peckii is in Big Meadow Bog (44°15.17'N, 66°21.5'W), and it is threatened by an estimated 6000 Herring Gulls (Toms 2015) , the second largest nesting colony east of the Great lakes (Cotter et al. 2012) . A second breeding colony of Herring Gulls occurs at Western Light (44°14.7'N, 66° 23.5'W, Fig 2) , and a third colony occurs on shoreline cliffs near the eastern tip of the island at Big Cove (44°15.8'N, 66°20.66'W). The small community of Westport (population ca. 400) thrives on diverse commercial fishing activities and tourism.
The area occupied by the gulls includes ca. 20% of a large wetlandheath system that has been partially drained by road development and ditching of the gravel road to the lighthouse. The Western Light area differs from the larger wetland of Big Meadow Bog in that the former has numerous outcrops of the basalt bedrock in an area ca. 130,000 m 2 where the birds nest and use the rock outcrops and clumps of Black spruce as perches. The gulls deposit considerable fecal matter on the rocks and throughout the wetland community. We initially investigated this site to collect regurgitated gull feeding pellets for comparison of feeding activity with the gulls in Big Meadow Bog (Hill and Garbary, unpublished data). As part of this survey, populations of an epilithic, green foliose alga were noted that were likely members of the genus Prasiola.
Field Methods and Observations
Numerous walks through Big Meadow Bog occurred from 2014 onward by both authors without observing any colonies of Prasiola. The very-large gull nesting colony in Big Meadow Bog had neither rock outcrops nor Prasiola. A single examination of the nesting colony near the eastern end of the island at Big Cove (Fig 1) had no apparent Prasiola, despite extensive basalt cliffs.
The area at Western Light where the gulls were nesting in the vegetation was studied during three random walks through the habitat in early to mid-August 2016. The individual rock outcrops ranged from ca. 1 m 2 to about 100 m 2 , and many had patches of lichens, mosses and heath plants. The position of each outcrop with evident gull feces was recorded as degrees, minutes and decimal minutes to three decimal places using a hand-held GPS unit (Garmin eTrex, Olathe, Kansas), along with the occurrence of populations of Prasiola. The position of each of these outcrops was later mapped onto Google Earth (Fig 2) .
The microhabitat of the colonies on the outcrops (i.e., flat surface, crevices, slope and shade from surrounding vegetation) and aspect (i.e., general direction of the primary colonies) were also noted. On each outcrop where Prasiola occurred, a numbered sample from the largest one or two patches was scraped into separate plastic bags that were returned to the laboratory for microscopic evaluation. Microscope slides were made from each collection, and identification was based on the key in Rindi (2007) . Herbarium specimens were deposited in STFX, ACAD and MICH.
RESULTS
Microscopic examination of the collected samples from Western Light showed that only Prasiola crispa was present (Fig 3) . Two additional collections from the splash zone at Northern Light were P. stipitata. Prasiola crispa is morphologically distinct from the other terrestrial species of the genus in lacking a conspicuous stipe. The colonies on each outcrop consisted of thousands of overlapping fronds no more than 3 mm high. The filamentous form of this species (Rindi 2007) was observed on slides made from thalli of several of the 19 outcrops. These short uniseriate filaments can develop into the multiseriate monostromatic blades typical of the species (Rindi 2007). Some fronds had masses of spore-like structures (akinetes) formed by the apparent dissolution of the parental fronds.
One hundred and two separate outcrops (Fig 2) with gull dropping were sampled on the three random walks. Several additional outcrops near the northern end of the Western Light colony at the road had neither droppings nor P. crispa. Of the 102 outcrops with gull droppings, P. crispa was present on 19 (18.6%). On some outcrops, there was a single well-defined patch from 10-50 cm 2 , whereas on other outcrops, there were many small to large irregular-shaped patches (Fig 3) . Colonies were rare on the flat upper surface of the rock, fully exposed to the sun. Most colonies were on the sloped sides of the outcrops and many were north facing. Some patches were in depressions in the rock or shaded by adjacent shrubs or boulders.
Prasiola crispa was not randomly dispersed. No apparent colonies were seen close to the road, and none on the cliff tops adjacent to the shore. Indeed, 20 m was the closest that P. crispa was found to the seashore cliff tops (ca. 5 m above high tide). The furthest from the shore that we found P. crispa was about 150 m. Prasiola crispa was most frequent in the central nesting area of Western Light where many outcrops stood out above the surrounding vegetation and allowed the birds vantage points and access to nest sites in the surrounding vegetation.
A search of other gull nesting sites on Brier Island was carried out. The Herring Gull nesting population on the cliff side in the eastern corner of the island (near Big Cove) with extensive basalt columns has a south facing exposure and the spruce forest comes to the top of the cliff, thereby restricting habitat for Prasiola. Exploration of this area revealed no Prasiola. Two populations of P. stipitata were confirmed near Northern Light in the splash zone, one of these being used for the physiological study by Kang et al. (2013) . Nesting colonies of various seabirds are also present on Peters Island (Stewart et al. 2015) but access to survey for Prasiola was not possible.
DISCUSSION
This survey of Prasiola crispa on Brier Island provides an indication of its preferred habitat in Nova Scotia. The microhabitat distribution of P. crispa over the 102 sampled outcrops shows that it is primarily associated with shaded or north-facing rock surfaces, as well as depressions and crevices. The association with high nutrient loading was confirmed as rocks without droppings never had P. crispa. We did not attempt to quantify the abundance of fecal deposits in relation to the abundance of the P. crispa, but the general distribution of the alga in the area where the gulls, and their droppings, seemed most abundant, would suggest significant levels of droppings are required for the alga to thrive. However, the abundance of P. crispa may simply reflect gull activity, and possible gull dispersal, rather than amount of nutrients per se. The relationship with sea spray commented upon by most authors (e.g., Rindi 2007) was not observed; indeed P. crispa was not found at the top of the sea cliffs that lined the shore at Western Light, despite the abundance of gulls and their droppings.
The influx of Herring gulls to Brier Island began in the 1970s and led to the formation of the large nesting colony in Big Meadow Bog. The natural landscape near Western Light of rock outcrops in a wetland/coastal heath plant community, combined with human intervention, gave rise to a partially dried wetland that attracted a portion of the nesting Herring gull population that increased until at least 2006 (Eric Mills, personal communication). The outcrops on Brier Island provide perching vantage points, and the vegetation provides suitable nest building sites that are hidden from predators. As a result of breeding activity, the gulls have acted as ecological engineers from two perspectives: 1) the nutrient loading and trampling modified the plant community (Hill, unpublished observations), and 2) the gull droppings provided the habitat for P. crispa. Based on the 19% current colonization by P. crispa of the available rock outcrops, we suggest that P. crispa likely arrived following the increase in the Herring gull population on the island. Without long-term observation, experimental manipulation and molecular fingerprinting, it is difficult to know whether wind based or gull based dispersal of P. crispa occurs within the habitat or over larger geographic distances. However, adult and juvenile movement on and around the outcrops likely facilitates the transport of algal propagules; during parental feeding of the chicks via regurgitation pellets or the smashing of larger food items on the rocks (e.g. crabs, sea urchins, molluscs), spores or small frond may be dispersed.
Unlike other Prasiola species, the occurrence of P. crispa may be more closely associated with seabird areas (Broady, 1996) . P. crispa has been identified in the nesting material and as gull-transported materials in Antarctica (Parnikoza et al., 2012) . Wind may also be a dispersal agent of the microscopic spores and juvenile fronds as suggested for the supratidal Prasiola species by Garbary & Tarakhovskaya (2013) on the shores of the White Sea.
Herring Gull colonies are numerous along the Atlantic coast of Nova Scotia (Chardine 2015). Some gulls have been tracked from Kent Island to Brier Island (Shlepr 2017), both being boreal outposts in the Bay of Fundy. As several boreal plants occur on Brier Island (Hill and Garbary, unpublished) and two-thirds of the moss flora of Kent Island is boreal (Futamura and Wheelwright 2000), we predict that the epilithic boreal alga, P. crispa, could be more widely dispersed on seashore gull colonies around the Bay of Fundy where boreal conditions occur. Further surveys should be done, and P. crispa may be useful as a biomonitor to study the impact of the Gulf of Maine warming that has been recently documented (Pershing et al. 2015) . 
